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PREFACE 


The puirpose of this project is to develop automated chemiluminescent 
and bioluminescent sensors for the continuous monitoring of microbial 
levels in wastewater effluent in support of the Johnson Space Center 
Water Monitoring System. In particular the objectives include 1) 
the development of an optimal luminol reaction system and procedures 
for its use as a sensitive and specific means of microbial detection 
and 2) the necessary modifications of the GSFC bioluminescent firefly 
luoiferase system.^ The optimal reagent concentrations for the luminol 
system are 2,5 x 10“4 M luminol, and 0.0125 M sodium perborate in 0.75N 
sodium hydroxide before addition of sample. Two methods have been 
developed to increase the specificity of the lumirtol reaction; 1) 
extraction of porphyrins from bacteria collected on a filter using 
a O.lN NaOH - 50% - EtOH solution, and 2) taking advantage of the 
differences in rates of reaction for various luminol catalysts. 

Since reaction times are different for each catalyst the reaction 
can be made specific for bacteria by measuring only the light emis- 
sion from the particular reaction time zone specific for bacteria. 

At the present time, no modifications have been made on the biolumin- 
escent firefly lucif erase system except in the area of flow system 
design. 
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INTRODUCTION 


Community Wastewater Treatment Plants require continuous monitoring 
of the quality of the reclaimed water with respect to microbial 
count, luminescence techniques can accomplish this in real time. 

A chemiluminescent system v/hich can be used involves the reaction 
between luminol (5-amino- 2, 3-dihydro-l, 4 phthalazedione) and 
bacterial porphyrins. The bioluminescent system whiqh has been 
developed at GSFC is a result of the reaction betv/eeri firefly luci- 
ferase and ATP (adenosine triphosphate) . By measuring tlie amount 
of light emitted from either reaction the bacterial concentration 
can be determined. 

The majority of water monitoring work at GSFC has been devoted to 
two basic problems which are inherent to the luminol system, 1) 
the reaction is not specific for bacteria (bacterial porphyrins) 
and 2) relatively large amounts of light can be generated even in 
the absence of any known reactant, i. e. high blank and endogenoiis 
light. Luminol has been used for the detection of hemoglobin, 
potassium ferricyanide, catalase, ferrous ions and cytochrome C 
as well as bacteria, in addition to the above catalysts, many 
other metallic ions and complexes initiate a light response from 
luminol. Because of this lack of specificity many interference 
problems could result when the luminol system is used in moni- 
toring microbial levels in wastewater effluent. The second 'problem, 
that of high blank and endogenous light was also confronted. An 
effort was made to decrease the endogenous light and blank since 
these both limit the sensitivity of the luminol system. 

The major thrust of the work with the bioluminescent system so 
far has been in the area of flow system design. The basic assay 
developed at GSFC has been used in t?j.e flow with emphasis on lim- 
iting the amount of firefly lucif erase necessary for the assay 
in order to minimize, cost. At the present time the system must 
involve* discreet periodic assays of the flowing sample in order 
to be economically practical. 


DISCUSSION AND RESULTS 


Hydrogen Peroxide Concentration. The initial work involved optimi- 
zation of hydrogen peroxide concentration which is necessary for 
the light response from a sample using the luminol reaction. This 
work involved the use of a discreet sampling method whereby a volume 
of sample was injected into the luminol reagent mixture. The Lumin- 
escence 760 Biometer, manufactured by E. I. Dupont de Nemours and 
Company, Inc,, was the instrument used to measure the light emission 
from the luminol-peroxide reaction. Appendix A contains the report 
of all the work concerning this phase of the work. 1% hydrogen 
peroxide was determined to be the optimal concentration for the 
5.67 X 10“^M Iviminol solution resulting in a final reagent solution 
(before sample) of (0.5%) H 2 O 2 and (2.84 x 10"7 )m luminol in 0.75N 
NaOH. In addition to this work, it was shown that hemoglobin pro- 
duced a linear response between the ranges of 10”8 m to 10“%^ with 
the- luminol-peroxide system. See Appendix A for complete information. 

Purification of Luminol. In an effort to improve the linearity of 
light response from samples, increase the light emission, and lower- ; 
the endogenous light and blank, a luminol purification scheme was 
undertaken. Luminol hydrochloride, determined to be the most pure 
by thin layer Chrotography, was produced by recrystallizing luminol 
(J. T. Baker and Co.) twice in hydrogen bromide. The luminol • HBa-' 
was then dissolved in alkaline aqueous solution and precipitated out 
of solution by acidifying with hydrochloric acid. The resulting pre- 
cipitate, luminol hydrochloride, produced the most linear light re- 
sponse for a hemoglobin sample, highest light emission for that 
sample and lowest blank using the discreet sampling method. The 
luminol solution before addition of sample contained equal volumes 
of (5.0 X 10"'7)M luminol hydrochloride, in 1.5N NaOH and 1% hydrogen 
peroxide. Appendix B contains a report of all the work regarding 
the recrystalliz<ition of the luminol. 

Luminol v;as later obtained from the Sigma Chemical Company and proved 
to be of much better quality than the original Baker luminol . the 
Sigma luminol was similar to the purified luminol in terms of light 
response and linearity for potassium f erricyanide (Figure 1) . Con- 
sidering the time required for recrystallization and experimental 
yields of 15%, the Sigma l\iminol is recommended for the remainder 
of the project. 





optimal Luminol concentrabipn, Tho oiitimal iuminol concentration 
was determined by considerajbion of the endogenous light, the blank, 
and highest light response ^or a sample. The determination 'was 
conducted' using the discra/^t sampling method, The hydrogen peroxide 
concentration (l*li) and the sample 1.0 x lO-'^M potassium ferricyanide 
were held constant while the concentration of luminol was varied. 
Figure 2 shows how all three parameters, endogenous light, blank, 
and sample responsiS varied with luminol concentration. The optimal 
luminol concentration, highest light response for a sample with 
lowest blank (computed as activity (sample/blank) ) was determined 
to be 5.0 X 10“^M. 

Another attempt to decrease blank and endogenous light ~ Ammonium 
hydroxide vs, sodium hydroxide. In an effort to decrease the endo- 
genous light and eliminate the high luminol blank, ammonium hydroxide 
was tried as an alternative to sodium hydroxide us the base. If v 
the extranneous light from the luminol reaction was due to impurities 
in the sodium hydroxide it was expected that the endogenous light 
would decrease since ammonium hydroxide can be obtained in a purer 
form. Table I contains the results of the experiment. These re- 
sults show that the use of ammonium hydroxide produced the same 
endogenous light from luminol as sodium hydroxide. Although a 
lower blank was found using the ammonium hydroxide, a ‘lower re- 
sponse was also found from the sample. Ammonium hydroxide appears 
to quench thd luminol reaction resulting in very little light 
emitted from the luminol system even with high sample concentrations. 
Because of this, sodium hydroxide v/ill be used as the base for the 
remainder of the project. 


TABLE I . Sodium Hydroxide vs. Ammonium Hydroxide as a Base, 

including Blank, Endogenous Light, and Luminol Response 
to a 1 X 10“7m K 3 Fe(GN )6 Sample. 




Blank 

Endogenous 

Light 1 

(relative light units) 

Sample 

, X 10 “‘^M K3Fe(CN)fi 

5 X 10"3m 
in li5N 

luminol 

NaOH 

6.2 

7.2 

• 

6.9 X 102 

5 X 10“ 
in 1,5M 

luminol 

NH 4 OH 

2.6 

7.4 

0.5 


Relative light Units 


I 


Figure 2, light response from various luminol concentrations for 
1 X 10"% potassium ferricyanide samples including 
blank and endogenous light values. !?he vertical bars 
represent standard deviation of the mean (n== 3-7). 

Sample " a 3C 
Blank ■ 



Luminol Concentratia'cr ?’ '"''l) 


\, 
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PpUitnaX Oxidant, Hydtogon poroxido, dissolved in dthanol, and 
sodium po:pboratG. Hydrogen peroxide has been the most common 
oxidant for the luminol reaction. Another oxidant which has been 
used is bubbled oxygon in the luminol solution, 2 it was .hypothe- 
sized that the high amount of oxygon dissolved in ethanol (5 x 
that of water) would be sufficient for the luminol react yOn but 
not too strong an oxidant to produce the high blanks and endogenous 
light which have so far been observed. Table II shows the results 
of experiments using ethanol and a hemoglobin sample. The ethanol 
system had very low blanks and endogenous light but only because 
the sensitivity was greatly diminished. The ethanol system is 
therefore not recommended at this time. 

TABLE II " rissolved Oxygen vs. Hydrogen Peroxide as the Source of 
Oxygen for the Luminol Hi'^ction. (5.0 x 10 ”% Luminol). 


1 % H2O2 

Oxygen dissolved 
in 25% et)ianol 


Blank Endogenous Samples 

Light , 1,47 x 10”^% li47 x 10”% 
Hemoglobin Hemoglobin 



(relative 

light units) 


2.2 x 102 

3.1 X 10 

3.3 X 10^ 

4.3 X 10^ 

7.5 X 10-i 

3.4 X 10"^ 

6,5 X 10”i 

4.5 X 10"i 


Oxygen dissolved 
in 50% ethanol 


8.4 X lO-l 


7.6 X 10"^ 


7., 7 X 10“^ 


7.0 X 10“^ 


Sodium perborate was explored as an alternative to hydrogen peroxide. 
While keeping the luminol and sample concentrations constant, concen- 
trations of 2.5 X 10” 4m to 2.5 X 10” 2m sodium perborate v;ere examined 
to determine v;hat concentration produced the maximum luminol response 
from a hemoglobin sample. Table III contains the ex^'erimental results. 
Using the discreet sampling system, a 60% increase '.Ih light response 
was produced with 0.025M sodium perborate compared to the 1% hydrogen 
peroxide, considering the increased light response and greater sta- 
bility of sodium perborate, 0.025M (0.0125M in luminol solution) is 
recommended and will be used for the remainder of the project. 
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g?ABliE III nydrogon Peroxide vs. Sodium Porlx^rato. 
(5 X 10“ luminol in 1.5M NaOII) 



Endogenous 

Light 

Blank 

Sample 
1-.47 X ld“% 
Hemoglobin 

• 


(relative light units) 

1% H 202 

9.0 X 

0 

1 

1,6 X 10 

2.0 X 102 

2.5 x’ l0-2M 

sodium perborate 

4,1 X 

10“1 

1.7 X 10 

3.4 X 1q2 

2.5 X 10“^M 

sodium perborate 

1,6 X 

H 

0 

1 

1 }-■ 

3,2 

5.1 ,x 10 

2.5 X 10~^M 

sodium perborate 

6.6 X 

10“2 

6.6 X 10“1 

6.2 


Determination of lysing ability of nitric acid, sodium hydroxide 
and the luminol system for E. coli. The luminol solution before 
addition of sample consists of 0.75N sodium hydroxide. This 
concentration has been assumed to be suffieient for extraction 

of the bacterial porphyrins for subsequent assay by the luminol ^ 

solution. A comparison was made between O.IN nitric acid ex- 
traction, extraction with 0. 5N sodium hydroxide, and the usual 
extraction by the luminol system. Table IV contains the experi- ■' 

mental results. 

• 0 

Results with E. coli show that the luminol mixture is an effective 
extractant and its use can and should be continued. 

table IV Comparison of Three Methods of Extraction - O.lN 

Nitric Acid, 0.5N Sodium Hydroxide and the Luminol 
System. 

Extractant 

O.lN Nitric Acid 0.5N Sodium Luminol 

Hydroxide System 

(relative light units) 

Luminol Response 4.0 x 10^ 2.9 x 10^ 4.0 X 10^ 

from E. coli 
sample 

Flow System. The initial luminol work was conducted using the 
discreet sampling method as described in Appendix B. This injec- 
tion type system was later converted to a constant flow system. ' i 

Figure 3 is a diagram of the specially designed flow head which * 
was attached to the Aminco Chem-Glow Photometer, A Buchler peri- t 

staltic pump was used to force the reagents and sample to a coiled 
tube where the solutions are mixed and light detected by the photo- k 

multiplier tube. Good linear results from bacteria samples can be 
obtained as is shown by the E. coli curve in Figure 4. 
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Figure 3 

The effect of chlorii^e on the lurninol system end its eXimination. 

Using the luminol flow system several concentrations of chlorine 
wore assayed. The chlorine samples were prepared by dilutions of 
chlorpx bleach in distilled water^ CI 2 concentrations determined • 
by the ortho-to3Ji/-'*iH:e method. 2.5 x 10"^M luminol and 0.0125M NaBOg 
in 0.75N NaOH va. irved throughout the study. The results of three 
CI 2 concentrat|,i>ns can be found in Figure 5. Untreated chlorine 
reacts linearly like many other luminol catalysts and as such can 
present a problem for bacterial detection in chlorinated samples. 

By using sodium thiosulfate much of the interference caused by 
chlorinp in samples can be eliminated. Table V shows the effect 
of sodium thiosulfate on. chlorine concentration used in this ex- 
periment, • a very high 10 ppm. Sodium thiosulfate effectively 
eliminates 9B‘:i of the interference v.’hile lov;ering the bacterial 
res|k?llise 20 1. Sodium thiosulfate is necessary if there is chlorine 
present in the bacterial samples. (If the residual chlorine is 
less than 10 ppm as it should be, less sodium thiosulfate should 
be needed and there should be less effect on the bacterial sample.) 

TftBIE V The Effect of Sodium Thiosulfate on Chlorine and Chlorinated 

Bacteria Samples. (5 x 10“% Luminol in 1.5N NaOH plus 0.02-/M 
** Sodium Perborate) 

No Sodium Thiosulfate 

E. coli in 10 mg Cl 2 /liter B. coli in 

H 2 O 10.1 mg Cl 2 /liter . 

' (relative light units) . 

Luminol Response 5.0 x 10^ 3.0 x 10^ 7.8 x 102 ^ 

With 500 mg Sodium Thiosulfate/liter * ' 

Luminol Response 3.8 x 102 2.6 x lo .5.0 x lo2 . 
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Rigttfe 4 . Light response from various concentrations of iS. coli using 
the Ixiininol -perborate flow system. 



E. coli / ml (Plate count) 



Eelative Light Units 


Figure 5, Response from various chlorine concentrations using the 
^vUminol-perb orate flow system. 



Chlorine Concentration ( mg CI2 /liter) 


- 13 - 



I 


1 


1 


Extraction on a filtor surface. A method has been developed which 
should increase both the sensitivity and specificity of the'luminol 
reaction. This is accomplished by collecting bacteria from a sample 
on to a Gelman 0.45 acropor filter and then washing the interferring 
materials off v/ith a solvent (O.lll MaOHi saline, or deionized water). 
The b'actoria can then be ruptured with O.IN HaOH r 50% Etoh to selec- 
tively v;ash through the bacterial porphyrins . This portion is then 
assayed with the luminol system. 

The optimal filtration and extraction procedure is as follows: 


(1) A known volume of sample is collected on a Gelman 0.45/1 acropor* 
filter. ' 


t-'i 


(2) The material on the filter is then washed with 10 ml of O.lN 
sodium hydroxide. 


(3) The bacteria are then ruptured using 1 ml of O.lN sodium hy- 
droxide with 50% ethanol. The filtrate v/hich contains the 
soluble porphyrins is then assayed using the luminol flow system. 

This method has been shown to work in a flow system. A Swinnex-13 
(Millipore) 13 mm diameter filter holder was positioned in the sample 
line between the peristaltic piump and the photometer. See Pigpre 6. 

A Gelman acroO^ 15 mm diameter filter AN-450, 0.45 Ja ppre size was 



Figure 6. 


Peritbaltic 
Pump 


Photometer 


Two milliliters of various concentrations of E. coli in saline were 
pulled through the in-line filter by the peristaltic pump. Five ml 
of saline were then pulled through to wash the cells on the filter. 

The collected bacteria were then extracted with 1 ml of 1.5N sodium 
hydroxide-50% Ethanol (Not Optimal) and that extract assayed^ as it 
passed throug?! the reaction cell v/ith the liorainol mixture, Figure‘-^7 
is a graph of the experimental results. Fpr a pure sample of E. coli, 
the light response is linear for changing concentratidhs in the in- 
line filter flow system. The porphyrins component from the bacteria 
appears tp be released instantaneous!]/ pn contact with the extractant.* 


- 14 - 





Relative Light Units 


i 


I 


1 


1 


j 


Pigure 7. Liuninol light response to various concentrations of E. coli 
extracted off an in-line filter and assayed using the 
luminol -perborate flow system. 



. * E. coli / milliliter (Approximate) 
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Acceptable washes were determined by washing an E. coli sample 
collected on a filter with 5 ml of wash. The bacteria were then 
extracted with 1.5w HaOII - 50% BtOH and the extract assayed with 
the luminol system to determine any loss of signal response due to 
washing. Table VI contains a list of the washes and concentrations 
used with the corresponding luminol response after extraction. It 
appears that except for ethanol any of those washes mentioned can 
be used without any harmful offect^to the bacteria. 


TABLE VI Results of Bacteria Washes 

'' Washes Mean Response from 10^ 

E. coli extracted off filter 


Sucrose 

5.48 

X 

107 

mv 

0.3N NaOlI 

5.82 

X 

107 

mv 

0.75N NaOH 

4.99 

X 

107 

mv 

l.ON NaOH 

4.19 

X 

107 

mv 

1.5N NaOH 

5.36 

X 

107 

mv 

3. ON NaOH 

4.28 

X 

107 

mv 

Ethanol 

2.69 

X 

107 

mv 

Blank from 1.5N 

3.59 

X 

10^ 



NaOH wkshed filter 

Time Rate of Various Catalysts for the Luminol Reaction. 

It has been determined that luminol reaction rates vary depending 
on the particular catalyst present. From the differences in reaction 
rates, the various luminol catalysts can be differentiated. Figures '8 & 
9 show the response curves of various catalysts as a fianction of 
time. Hemoglobin, catalase, potassium ferricyanide, ferric chloride, 
and cytochrome C vvere all tested. The porphyrin molecules have a 
longer reaction time than do the inorganic molecules. Figure 10 
illustrates how these characteristic curves can be used to differen- 
tiate between catalysts. The response froj^f the potassium ferricyanide 
is quite rapid, and is; essentially .zero after 3^ secs, while the re- 
sponse from hemoglobin remains high even after 4 seconds. The light 
response from hemoglobin can be differentiated from the ferricyanide 
in a mixture since at four seconds into the reaction the ferricyanide 
response is zero. At this point only hemoglobin is still reacting 
with the luminol." Whole bacteria have an even longer reaction period 













of reaction rate characteristics to differentiate betveen catalj-st 
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Fli;ure 11. Lumlnol ossay of K. coll needed vastewater effluent and 
isotonic sucrose (with and vitJjout time-delay response). 
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AH long as 15 accunds for K. coll which f>hould allow for differen- 
tiation betwt>t?n soluble i^orphyrins and whole l>acterla. 

Luminol assay of b. coli seeded wastewater effluent. Wastewater 
effluent wab obtained from a local sewage treatment plant. Waste- 
wotor effluent and isotonic sucres'* (9.25%) were seeded wit)* E. coli. 
The luminol flow system was used for assaying the samples. Figure 
11 6)io\/8 the results of that assay. Tlie response from the K. coli 
in isotonic sucrose was approximately 30% higher t)ian*that from the 
effluent, The tirixs rate metliod (delay response) was used in order 
to eliminate any interference however according to t)ie results no 
interference was present. 

The basic bioluminescent system developed by GSFC io continuing 
to bo used for the detection of bacteria in wastewater samples. 

This system involves the reaction between adenosine triphosphate 
(ATP) and firofl'y lucif erase. The wor)^ so far has involved the 
incorporation of the assay in a flow system design. • Figure 12 
is a diugiam of t)ie ATP flow system. 0.3 ml of lucif erase arc 



Work in the future will include further development of the extraction 
of the bacteria on the filter. In particular, experiments will be 
conducted to determine the efficiencies of the washes for eliminating 
interference of the luminol system. Further work may be necessary 
for tlic time rate method for elimination of luminol interferences. 

• 

Further development of the bioluminescent system will concerr^ the 
areas of sample preparation. The sam]>le should be assaycxl in its 
most concentrated form for optimal sensitivity. This will include 
optimal sample to nitric acid ratios. Correct pH and optimal mixing 
point for maximum light detection will bo determined. 

• ■ r 
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Timr> is an cor.ontial factor in the eJetoction and trcatn>cnt 
of bacterial infect iotiN. I’reKent methncln of detect iont howcvt r« 
neceBitilato an incubation period of 2d to Ab hours. The develof>mi'nt 
of 0 rapid autOMatoble technique for the detection of infection in 
biological fluids hac been undertaken at Goddard Space Flight Center. 
One such study deals with the use of the luminol chemiluminescence 
method for rapid dc'trction of bacteria. 

The principle of the luminol chemiluminoncenre method for 

detect ino bacteria is based on microbial activation of the oxidation 

of the luminol monoanlon by hydrogen peroxide. See figure I for the 

general reacti n mechanism. In an aqueous alkaline solution luminol 

( !»-amino-2,3-dlhydro-l ,d-phthalr.incdione ) is reported to to in the 

form of the mononnion which can bo rapidly and enercictically e.vjdir.ed 

by hydrogen ocroxido in the nrcsence of iron porphyrins contained 

in microorganisms^ . The intermediate products of oxidation ctjiild 

include free radicals such as hydrox>'f, lumir»ol, Cij** nnd lumirol 
o c 

ondoi^eroxidi?*' . A fin.il reaction product, U^o aminophthalatc dianion, 
is formed in an electronically excited state which decomposes lo the 
ground electronic r.t.ite with loss of the excess oneray as blut linht 
(230 nm). When the reagents are in excess, the intensity of the lioht 
has been shown to bo proportional to the rotjcentratlon of bacterial 
porphyrins. Interference by free has been minimized thrnueh 

use of ethylene diamine tetraacetate (i;i)TA), a chelating agent which 
binds any free Fe*^ . 

This chcnij luminescence method has advantages over oven a bio- 
luminescence method. Renoents used in this method arc inexpensive 
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mid roirain ctoblo at room Lcmporatiirc* Preparation of tho roaqent 

«nd tho Analytical tochniquo alr:o do not require tho deqroo of core 

and manipulation that ib needed in tho bioluminor.ronce method. Einro 

cellb arc lysod upon introduction to Uio alkaline luminol solution. 

separate steps for lyninq, and thus time are not necosr.nry. Cotrnli- 

cations due to deterioration of porphyrins in the presence of Ivred 

• /• 

cells arc also avoided. Overall, thin chemil urn ire sconce method 

demonstrates qreat adoptability to field applications in which 

adequate laWiratory facilitji's are not present. 

This paper reports the results of various invest iqat ions into 

the different parameters affectino the luminol reaction. Factors 

invest iqated included the response to a particular porphyrin, hero- 

u , 

qlobini tht* effect of various liyrirogen jieroxido concentriitions j as 
veil as the order of the addition of reactants. 

Kxrx^^r im<»nt a 1 

Apparatus. The lAiminesrcnce VfiO Uioioetcr manufactured by E. 1. 
Dupont dc Nemours and Co., Inc. was tho instrument used to measure 
the liqht emission from the luminol -peroxide reac< .‘nn. A schen-atjc 
dicqram of the system eon b<? found in Fiouro 2. An information 
bulletin for the instrument is reproduced in Appendix A. 

Tho niometor is a photometer specifically dosiqncd ft.'* measure- 
ment of luminescent reactions. As can seen in Fiouro 2, the system 
consists of a rotary reaction chamber coupled to a photomultiplier 
tulx', A section of tho rotary chamber is cut out to accomodate .i 
f)-by fiO- mm nlass cuvette. Immediately above the euvntte holder is 
a small injection port throuuh which the sample is injected via 
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needle «nd nyrinne. An arvilop niontil from the phototmil t ipl ior tiile 
in amplified and utilised to charpe a "monxiry” capacitor. This 

d('»inn nllow» Iho pc*ak to Ix' accuimilatod for throe soco’ndn and 

exhibited in the form of a digital dibplay. iho inntruironL alao 

provide*! automatic ranee change ovct five dcradca to arcorrodate a 

wide ranoe of light intenr.ities. Ki^uro 3 nhown a typical re aponne 

ou> wo‘. . Data are presented in tormu of peak hc*ipht (maxinutm light 

Intensity). 

■ ' penoe nt r. The ctocU luminol solution conluined 5.C!» x iO M 
luminol. 1.5 N NaOii, and d.d6 x 10 ^’m IIDIA. fierooqlobin sample, were 
prepared from crystal ized hemoglobin. Hydrocen peroxide solutions 
were prepared from 30X leagont grade hydrogen peroxide. All roaoents 
were preparc'd using distilled water. 

pro cedure. A 0. 3 ml s.nmplc volij-’ic was \ised in this study. 0.1 ml 
of the stock luminol mixture and 0.1 ml of the henoglobin sample ‘ 
were pipetted into ilte reaction cuvi'tte. 0.1 ml of the hydrogen 
peroxide was then injected into the* cuvotte via ’.uborculin syrinoe. 

The* sample vias then assayed with the Diometer. 
jtesu l t s and Discussion 

Pesr onse \o tie moniobin Concen t r.it ion. Figure d is a plot of 

light intensity c.Halyzed by hemocilobin as a func?tion of concent: .it ion. 
• -7 

from l.*17 X 10 M to l.d7 x 10 M hon.oglobin. The response is li’.ear 




I 


A 

throuahoiit thin rAtiqo. 

■*5 

lleinoqlobin ronccntrnt iorm greater than 1,^7 x 10 M could not 

bo invontiqated duo to the limited ramie of the liomotcr# 10 ~^ 
hemonlobin proved 1 o bo the detection limit. 

^7 

us. i-Tl PX Hvdr ooe n fe. oxide Conc»-*nt r ation . 5.67 x 10 h 

liiminol and an intermediate hj’moglobin concentrnl ion of 1.47 x 10 M 

wore tested with varying ^202 concentrations. Tht* concentrations 

tested ranged fro.Ti .01% to 5%. Figure 5 illustrates the liglit emissions 

obtained with the respective H 2 O 2 concentrations. A plateau was 

reached with values from 0 . 1 % 10 1 %, with a decline in light emission 

prior to and following these points. ** 2^2 from 1 % to 

, -7 

5% were then tested with 5.67 x 10 M luminol and a high hrrr.oglobin 
concentration of 1.47 x 10 ^ M. Again, as illustrated by Figure 6 , 
maximum light emission was obtained witli 1 % ^ 2 ® 2 * Adaptability c 
1 % ^* 2^2 yield high light emission in -he presence of both high 
and intermediate hemoglobin concentrations was demonstrated. 

Effort of Sequence oT Ad ditio n of P f»actnnt s . Three possibilities 
regarding the order of addition of reactants to the luminol system 
were invest ioa tod: 1 ) hydrocien peroxide added to luminol and hemo- 

globin, 2 ) hemonlobin added to luminol and hydrogen peroxide, and 
3) luminol added to hemonlobin and hydrogen peroxidt?. Figure 7- 
demonstrates that maximum light emission occurs when hemoglobin is 


I 


5 

injoctcd to tho luminol and hydroopn peroxide solution. Hinimum 
light emission occurs when hydrogen p«*roxide is injected into the 
hf^moglobin and luminol mixture. A possible explanation for these 
results is based on the fact that oxygen rapidly oxidises to 

ferric hydroxide ( Fo(Om)j ), Although the mechanism of aqueous 
luminol is not Known, it is likely that an intermediate produced 
in the oxidation of Fe^^ by dissolved oxygen is the species reacting 
with luminol , From this assumption, it can be concluded that some 
of the luminol had already been oxidized prior to injection of 
hydrogen peroxide. High residual light readings before Injection 
of hydrogen peroxide correlate with these conclusions. No light 
producing reaction takes place between luminol and peroxide, or 
between the* hemoglobin and the peroxide. Thus, maximum light 
emission is obtained with injection of hemoglobin and luminol, 
respectively. 

Lf fee t o£ f)0\' Kthano l as Oxid i zi ng Aoejit. In this experirent , 
5 O 5 C. ethanol was used as tlio source? of the oxidizing agent rnther 
than hydroeen peroxide which had formerly been used. The reason 
for this change of pro-^cdure is due to the high oxidation potential 
of hydrooen which caused a hich light «^»mission from the 

blank. It is believed that by talt.itia advantari* of the higher 
solubility O', oxvncn ir> an oroanic solvent such as ithanol. 
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Uu’ dlnsolvod oxyocn wi)l Ijc miffic.iont to oxidize the 
cntnlyy.od Iviminol lonction vhilc «t the Kamo Litre keeping the 
bliink at a relatively low lioht level. 

Figure P. chows the liiminol reaction in the ethanol 
Bolvent to f?xhibil a linear response to the hemoglobin concentra- 
tion within 10“^ ♦•o 10”^’ b. in the ethanol solvent the detection 
limit of the hemoglobin concentration was increased to 1,47 x ]C“^K, 
This is a ten-fold improvement over the peroxide system. The 
maxinum limit of detectab/i lit y voson the order of 10”^' K, aftc*r this 
point, linearity greatly decreased. 

Pue tc the greater sensitivity and lower blank value, the 
ethanol system warrants further ir»Vi?st igation. 
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luminGscence biometer 






Ihf Du Ivtnlnpicrncc Blometcr' it o tcmi-aulotiiafiv photomrlcr (or nieoturcmf nl of b'oluminMeenf cod 
citetnilununcttcnl iradicnt. Uting lti« lucifcrotc-luciirrin reaction for rapid otioy of odonotirte 

IriplivitpKole (ATP), it it tentitive la 10 ** gruint, 

Sludipt iiy Du Pont ond Hoilpton loborotorict, Inc.* hove thown Ihoi the quantity of celMor ATP exirocicd 
from bacterial cellt it proportional to the lolol number of crIU. A ttudy of thirteen bacteria tpeciet* ttiowed 
o fonge from ^.2 to 10.3 x 10 '* *jg ATf/cell, ond indicoleil thot o moon volur of 5 x lO '* pg AlP/ccTI 
could be uted for determining lotol bacteria counlt. 


The Du Pont lyilem con be applied to the meoturement of vioble bacterial populoliont in urine, blood, 
food, dairy producii, woter end other reiearch ond industrial opplicotioni. 


FEATURtS 


• Ropid tcti procedure: bacterial count in 10 nilnulct; ATP 
ineotutcmrnf in 10 lecnnclt. 

• Digital reodout direct in ATP or bacteria 

• Sensitive to 10 '* gromt of ATP or 1000 bocteriol cells 

• Soriiplc tire: normally 10 niicrolitort 

• Porollcl itrlp chort record optional 

• Automatic cempentalion for dork current and inherent light 

• Autonintic ranging of readout over five decades 

• Homctcr perlormonre cliccked by standard light sourco 

• Sample preparution kits ovoilabte for a voriety of cpplicotions 


(^(l[ll[|) ii'jr.riTiUJMir,TvjTn 


I I DkJl*ONr (>C KlMOlMlf; A CO |l»fC ) • P»40OuClN U<ViV0N • 
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Lundnol hydi*oohlorJdo from tS'.rce rccryBtalllr.atlons of 
rea 4 '’,ciit crado luralnol producer a linear llfht respottse for 
vuriouc heirtoplobin eoriccniratlons as well as the lilghect 
llCbt calctlon loj- a given hemoglobin cumplc. The detection 
limit for hemoglobin is 1.47 x 10*" M with the rcejxjnrc 
linear up to at leant 1.47 x 10** f/. Hiank levclo have been 
decreased to acceptable levels and roprcducability improved 
to within 5Jf variation. Laminol clMjmilu:alnoEC’‘nt detection 
of bacteria vms achieved withiri a range of abo> . 10* bacteria 
per milliliter to tlie detection limit of about ’O'*’ baf’tcria 
per milliliter which is In agrceiiient with the ll^eratui’c 
findings.^ 


Certain ''ssic procedures and operating conditions were rejorted 

? 

in "A Pi-elipJrary Study of the Luminol Reaction". FXirther refinements 
of t)ie sysLcm were necessary and scvci’al prollcr.s needed to be solved 
before the system could ,1'C pu. into o]>?ration as a bacterial detection 
sy*s tc m . 


The areas Investigated and described in this jiapc;r include the 
deteriril nation of the op^lrral luiidnol compound in i-crms of purity, 
linear light response, and naximui'i light emission, Basic procedural 
modifications were necessary to eliminate uriexplal’iably high blank 
levels and u;\nccepLable variations in repeated sample assays. Finally 
an attempt was nade to test the system as a bacterial detection tool. 


^ N.n. ficarlc, "Appllca* ions of Chend Juirdnescenco to Ricterial Analysis," 
presented at the 2nd Annual Meeting of the A'voTdcan Society for Piioto- 
biology, July 22-26, 1974, "niversity of British Coluinbla, Vancouver, 
B.C. „ 

^ R.R. Thor.as, "A Pi'climlnary Study of the Luminol Reaction, NASA / 
Goddard Space Flight Center, 30 Jan 19'/^'. 
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toirolnii 

T)kj A'tdnoo Otcm-Clow Pliotonetcr, Model J4-V441, shown In Klcurc 1, 
wan usfd throu^.ioul this study. The photonctcr consists of a reaction 
cJjanlcr rrouircd on top of a phoLonultlplicr wicropholo/eter. When 
Uk* sar.'ijOe Is Injected Into the reaction chaiij'^cr, the enilcted light 
froM t!>c luirificscen;. reaction is reflected to the pl'.OLoraultlpller tube 
w'nlch converts the llghi -o corrcejionding electrical signals. The 
signals !.ere then recorded usirig s .rip char- recorders. Two recorders 
were used during the course of the investigation, a Sargent recorder 
a*id a Houston Instru'.xjnts integrating recorder. 


Proofed n re 

Tlie l«clo procedure for the assay of a sar.plc included pipe -ting 
0.1 trJ of 5.0 X 10 "* M lutilnol co;ri)'ouiid in 1.5 M !IaOH and 0.1 nil cf 
1/5 hj'droj.en peroxide in o a reaction cove te. 0.1 ml of the sav.ple was 
injected into the reaction cu etto via tuberculin syringe and the light 
emission of the reaction v;as measured by the Chem.-Clow Pholonetcr a.-.d 
recorded on the strip ch.art recorder. 


Rer.nl ^ a a-d Dls^urrlon 

I. Determination of Optiral Luminol Coir.poun.d 
^SJx lufldnol cor pounds wore studied: (1) reagent grade luminol, 

J.T. Itiker Chemi. Co.; (2) luminol lij'dro bromide H\ , prcgiircd by rccrys- 
tolli’zatlon of the reagent grade lu-.vlnol in concon. rated hi'drobromic 
acid; (3) lumlnol’Hnr H7., prepared by two rccryG.alllnationG of the 
reagent .rade lumlnol; (4) luminol Jiydrochlorlde, prepared by acidifying 
(with )>ydiochloric acid) an alkaline solution of lu.’Jnol*HBr #2 in water 
and acetone; (5) the sodium salt of lumlnol; and (6) sodium lumlol 
prepared ly M.M. FUivdiut. 
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As lihown in Firurc 2 , the luiainol *1101 exhibited the lest linear 
rcBiKjnoo to hca»t'lcbln 6an.plcs vlthln o renjje of 1.47 x 10* M to 

1.47 X lO’* M. Overall, tfie iriaxlmafi linht renjxjnse was alro exhibited 
by Ihin compound. It should be noticed that a new tlnlmani llirJt of 
dclcctlon for a he.'-ojlobln cample was ectabllchcd by the lurilnol*HCl. 

The new detection Unit is 1.47 x 10** M hcnoclohin compared to the 
detection limit of 1.47 x lO’* M previously cctablished in "A Prelimin- 
ary Study of the I.unJnol Reaction." 

II. Procedural btdificatlons 

In an effort to decreaee blank le.’els, it was observed thAt Impur- 
ities contained In the Injection 8yrlr.ge contributed to high light levels 
of blanks. By rinsing the syringe in 0.1 M FJ/fA, the blank levels can 
be significantly decreased. ' 

Rcproducubillty docs not scct. to be significantly affected by the 
mcasurcir«nt of total light enisslon as opposed to the peak light 
eirdsslon of the luirJnol reaction. Mixing the reaction solution, 
luiinol solution and r^^drogen peroxide, docs however greatly affect 
the rc'producability of the light crisslon for a particular sa.iple. A 
homogeneous mixture cf the lumlnol and peroxide solutions In.proves the 
reproducaolllty to within a 5^ variation. 

III. Applications to Bacterial Detection 

A sample containing approxlnatcly 10 bacteria per ml*^ (E. Coli B) 
of nutrient broth was detected using the lumlnol reaction system. The 
detection limit for the system was found to be opproxi'.aicly 10*^ 
l«cterlH jer ml of nutrient broth. This is t'.c approximate rai^gc and 

^ Determined by vls.:al inspection of tnrbidlty by Rev. Jamt-'s T. Miiicr, 
S.J., Ar.sistunt pj-ofessor of Biolcgy, Ixiyolu College. 
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detection llrrit found ty N.D, Scarle. 

Much work atm needs to bo done in this area of the application 
of the luminol system to the dctcctioi; of bacteria. In the futvtre, 
Host of the Investigations will be in this dli*ection. 


Mill >v/1ed>’e'^ei.t. 

The researoli described here wus carried out In the laboratories 
of the I)epartment of Chemistry of Loyola College, Baltimore Maryland. 
The author wishes to thank N^SA / Goddard Space Flight Center for tlic 
use of their equipment and special thanks to Dr. David F. Roswell for 
his advice and assistance. 
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Gniph of light emlaBliino from various lianinol 
V8. hemoglobin concentrations. 

heogent grade 
Luminol'HBr (^1) 
Luminol'HBr (/<2) 
Luminol-HCl {if 3) 
Sodium salt (RRT) 
Sodivun salt (Kauhut) 
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